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Safety First
 Safety rules and regulations.

 Electricity.

 Power off  where possible.

Presenter
Presentation Notes
Safety First:  not just a catchy phrase.	

During the presentation there are references to certain practices that have been used over the years.  If anything that goes against your company policies please disregard, as we can’t possibly know all the different safety regulations of every company.  



Incandescent Lamp
 Glass envelope
 Screw base with +/–

contacts.
 Filament supports.
 Vacuum or inert 

gas.
 Lamp Failure.
 Dark deposits 

inside glass bulb.

Presenter
Presentation Notes
The incandescent lamp we use today is similar to the Edison lamp.  It has a glass envelope, a filament made of tungsten  and filament supports.  It is a “point source” light.  Most incandescent lamps made today are filled with an inert gas rather than a vacuum.

Lets look at what happens when an incandescent lamp reaches end of life.  Notice the collection of black material inside of the bulb walls.  What is that black material?

How an incandescent lamp fails….

Filament gets so hot some of the tungsten actually boils off and collects at the hottest point of the bulb wall.  This results in a thinner filament and a build up of tungsten that blocks light from leaving the bulb.  Light output goes down dramatically over the life of the lamp.  Eventually the filament gets so thin it can’t support its own weight and it breaks.

So scientists and engineers were looking for more efficient light sources.



Mercury Vapor HID Lamps
 Peter Cooper Hewitt stumbled upon mercury vapor 

lighting

 When

 Turn of the century

 Mercury vacuum pump

 Droplets of mercury left accidentally in lamp

 Mercury vaporized and conducted arc

Presenter
Presentation Notes
Mercury Vapor lighting was discovered by accident through research into filament materials.  In 1900, Peter Cooper Hewitt stumbled upon mercury vapor lamps.  Increased light output.  While mercury vapor has been outlawed by the Energy Policy Act of 2005, it is good to understand how they are manufactured and their operating characteristics as Metal Halide probe start lamps have the same characteristics.  



Mercury Vapor
 Open circuit = 240V

 Lamp installed = 130V

 130V not enough to start

 Similar to Metal Halide

 Important to note that the 

arc can’t start without a start 

electrode.

Presenter
Presentation Notes
Both mercury vapor and high pressure sodium lamps have starters!

The “probe start” mercury vapor and metal halide lamps have a starting circuit built into the arc tube.  They are a point source light.  




Mercury
Vapor

Light output diminishes 
dramatically over the life 
of  the lamp!

Presenter
Presentation Notes
Problem With Mercury Vapor Lamps:

MV lamps can cycle on and off for several reasons.  Among these are voltage interruption, momentary low voltage and severe vibration.  



Presenter
Presentation Notes
Loss of Light Output:  There is a dramatic loss of light over the life of mercury vapor lamps.  Depending on the wattage, losses run from 75% to 60% over the life of the lamp.  The lamp consumes the same amount of energy throughout it’s life.  
A 175 watt mercury vapor lamp will consume 175 watts even at end of life when it is putting out a fraction of the original light output.  



High Pressure Sodium
 More efficient light

 Small arc tube

 Aluminum oxide 

 Electrodes glued in 

place

 Silicon glass glue

 No starting electrode!

Presenter
Presentation Notes
HPS lamps provide more light per unit of energy consumed.  They operate much like mercury vapor lamps in that they can cycle for many of the same reasons.  

They are a point source light.  

They reach end of life when they require more voltage to sustain the arc than the ballast assembly will allow.  



High Pressure Sodium
 Open circuit voltage = 120V

 Lamp installed = 55 to 110V

 Need additional voltage to 
make sodium conductive

 Review of starting aid

 Orange=condenser

 Gray cylinder=points

 Ignition coil=ballast

 Voltage peaks=switch

Presenter
Presentation Notes
HPS open circuit voltage is the voltage in the lamp socket without the starter and without the lamp present.  It should read about 120V.  

Closed circuit voltage is an average of 55V up through 150W and an average of 110V for 200W, 250W and 400W.  

When energized there isn’t enough voltage in the arc tube to jump the gap between the electrodes so we have to provide an external starting aid.  



Starter Operation

Presenter
Presentation Notes
Starter Operation:

The starter monitors the arc tube, looking for current.  If there is no current in the arc tube, the starter goes into operation.  It looks at voltage cycles and discharges a small amount of voltage into several windings in the ballast core & coil.  This is reflected through several hundred windings as about 3,000 volts into the arc tube.  This voltage is switched on and off twice per cycle so it can’t be measured with a standard volt meter.  

There is a lot of voltage, but very little amperage.  The instant there is current in the arc tube, in other words, the arc strikes, the starter goes off line and monitors the current.  

Cycling of the lamp occurs when the lamp has reached end of life, which can happen any time, and the lamp needs more voltage than the ballast assembly will allow it to have.  The arc is extinguished when it reached maximum voltage and the starter kicks in again.  Since the arc tube is extremely hot there is too much resistance for the arc to start.  Once the arc tube cools down, decreasing the resistance, the arc will start and we’re off to the races.  



Presenter
Presentation Notes
Lamp Data Table:
Lamp manufacturers provide fixture manufacturers with data on the operation of their lamps.  The table contains information on the requirements of the luminaire.  There are columns for the ANSI Code, Lamp Watts, Rated Lamp Life, Rated Voltage, Minimum Socket Voltage, etc.  Rather than trying to digest this whole table, lets look at a few values.  Lets look at the 150 watt HPS and Rated Lamp Life.  This says 24,000 hours rated lamp life.  But there is a footnote that says “Rated lamp life is based upon 50% survival”.  We have to know what that means before we can understand what they’re telling us.  

Rated Lamp Life: 50% survival means that as long as 50% of the lamps are still burning at the end of 24,000 hours then it can be rated as a 24,000 hour lamp.  That is six years in a street light or security light operation.  Some of the lamps can fail the first day, in fact, 50 out of 100 can fail the first day, as long as the others continue to burn during the test.  So, lamps can fail and still fall within the industry standard.  



Presenter
Presentation Notes
Lamp Data Table:
Next lets look at the voltages.  The average rated voltage for the 150W HPS lamp is 55V.  The “New Lamp Check Voltage (at 100 hours) is 48 to 62 volts.  This requires burning in the new lamp for 100 hours before taking the voltage reading.  I fudge a little by broadening the range to 46 to 64 volts.  But if a lamp falls outside of this broader range, I am going to assume it is a bad lamp and will fail early.  



Presenter
Presentation Notes
Lamp Data Table:
Now lets look at “End-of Life Lamp Voltage” – in this case 84 volts.  What that tells us is the lamp manufacturer recommends that we never let more than 88 volts in the arc tube or it may experience non-passive failure.  It might explode!

The table goes on and tells us that HPS lamp arc tube voltage increases 1.5 volts for every 1,000 hours it is burned.  That way we can get a good feel for the amount of life a lamp can be expected to burn.  So if we service a luminaire, say to change the photocontrol, it only takes a minute to take a voltage reading and determine if we should change the lamp too.  



HPS Lamp

Light output 
doesn’t 

decrease as 
dramatically as 
Mercury Vapor 
lamps.

Presenter
Presentation Notes
Like mercury vapor lamps, there is a build up of tungsten over the life of the lamp, but the system will compensate for this by allowing the voltage to increase.  The increase in voltage produces a much brighter arc.  



Approximate Lumen Maintenance
Mercury Vapor and High Pressure Sodium
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Presenter
Presentation Notes
Loss of Light Output Comparison:

Here is why HPS is so much better than mercury vapor.  Because the lamp will compensate for the build up of tungsten in the arc tube by allowing the voltage to increase – making a brighter arc, we can maintain the light output a lot better than mercury vapor.  This graph compares HPS and MV Lumen Maintenance.  



Lamp Failure Modes
 Incandescent.

 Mercury Vapor.

 Metal Halide.

 High Pressure Sodium.

Presenter
Presentation Notes
Lets review lamp failure modes:

Incandescent lamps fail because the filament becomes too thin to support it’s own weight.
Mercury Vapor lamps fail because they quit putting out enough light.
Metal Halide lamps fail for the same reason, but are subject to non-passive failure.
High Pressure Sodium lamps fail when the reach a point where they are demanding more voltage than the ballast assembly will allow them.



Trouble Shooting
1. Re-ignition Phenomenon.
2. Lamp Installation.
3. Photocontrol Problem.
4. Low Voltage.
5. Broken Weld.
6. Thermal Blink-out.
7. Loose Connections.
8. “Fixture won’t come on.”

Presenter
Presentation Notes
The goal here is to make the HID luminaire as easy to trouble shoot as an incandescent luminaire.  We’ll take a look at each of the more common problems and some suggestions on how to repair them in  the field.  

Never spend more than 15 minutes trying to fix a luminaire in the field.  You’ll be spending more in time than the luminaire is worth.  If you can’t solve the problem in 15 minutes swap out the head and look for the problem back in the shop.  



Tools required
 50 W 240V incandescent lamp.
 Shorting cap.
 Power cord.
 Safety equipment.

 Insulated gloves.
 Known good lamp.
 Volt Meter.



Re-ignition Phenomenon
 Voltage interruptions can cause cycling.
 Voltage passes through zero twice per 

voltage cycle yet lamp doesn’t go out.
 Voltage interruptions longer then several 

cycles cause cycling.
 Loose connections inside or outside of  

luminaire/lamp.

Presenter
Presentation Notes
In order to understand why a lamp may cycle on and off, we need to understand the re-ignition phenomenon.  We’re told that the arc in a lamp will extinguish if we interrupt the voltage, yet the voltage curve passes through zero each cycle.  Why doesn’t the arc extinguish then?  The engineers tell me that there is enough energy in the arc tube to carry it through that momentary outage.  In fact, they tell me that we could interrupt the voltage for “several” cycles and the lamp would continue to burn.  

The problem arises if we interrupt the voltage for more than “several” cycles.  The arc will extinguish and we must go through a hot restrike cycle.  The arc tube must cool down enough to lower the resistance so the arc can start.  

So the cycling on and off of an HID lamp may have nothing to do with the lamp or the fixture, it may be caused by momentary loss of electricity.  This cycling is different from end of life cycling.  



Lamp Installation
Making an electrical 
connection.

Hot environment.

How tightly should lamp be 
installed in the lamp socket?

Strokers!

Presenter
Presentation Notes
How tightly do you install an HID lamp?  (Ask around the room until you hear the answer “Snug” or “Hand tight”.  Then ask how many foot pounds is “snug”?  How many foot pounds is “hand tight”?

The goal is to make an electrical connection that will hold up for six years of extreme conditions as the lamp heats and cools.  The hot contact inside of the lamp socket is backed by a strong little spring.  The goal is to completely close that spring.  Screw the lamp in until you think it might break.  Stop just before it breaks!

If the arc tube doesn’t have enough starting gas the lamp may not start unless we induce voltage in the arc tube.  Fluorescent lamps often won’t start if it’s too cold.  You can force them to start by rubbing you hand over the tube.  The same thing can happen to an HID lamp.  If you’re stroking the lamp while screwing it in you can force the lamp to start, but it may not start that night.  To check for a stroker, always screw lamps into circuits that are turned off.  Then turn on the power and see if it starts.  



Photocontrol

Automatically controls light.

How it works.

What can go wrong.

Shorting cap eliminates from the circuit.

Presenter
Presentation Notes
Photocontrols:  
Chicken in the roost story.
Photocontrols are used to accurately control the light by turning it on at dusk and turning it off at dawn.  Many controls are made using CDs, a compound that is a conductor when light energy is present and an insulator when there is no light.  The problems with CDs are that they are hazardous to manufacture, they are degraded by moisture and direct light shining on them and they are subject to over-burn.   Over-burn means the lights come on too early in the evening and go off too late in the morning.  

New electronic controls are available now that are more accurate, not effected by direct sunlight or moisture and not subject to over-burn.  

When trouble shooting a luminaire I recommend using a shorting cap to eliminate the photocontrol from the circuit.  



Low Voltage

Low voltage can cause lamps to cycle.

Volt meter can reveal low voltage.

Duplicate conditions.

Flushing the light!

Presenter
Presentation Notes
HID lamps are sensitive to voltage.   The older the lamp is the more sensitive it becomes.  

The standard REACTOR ballast has no voltage regulation built in and if the voltage drops 10% to 15% below normal the lamp will go out and have to restart.  

This is more common than you might think.  An example of low voltage causing cycling is the elderly lady who called in a trouble report.  Seems she got up late at night to use the toilet.  She didn’t turn on any lights in the house because there was lots of light coming in the windows from the yard light.  When she flushed the toilet the light went out!  (Water storage tank had no air pad, so the pump kicked on every time the toilet flushed.)

Often when a new A/C or Heat Pump are installed at a residence at the end of the distribution line it will drag the voltage down enough to cause the lamp to drop out and cycle back on.  

Try to duplicate the conditions when testing the voltage.  



Broken Welds:
Lamps contain internal welds.

Arc tube supports are conductors.

Thumpers!

Presenter
Presentation Notes
Thumpers:
Lamp arc tube supports are used inside of the lamp as a conductor.  They are welded or soldered together and they serve as a spring.  It is possible to have a broken weld that is held together by the spring pressure until there is vibration or motion.  

When the broken weld opens the voltage is interrupted long enough to cause the lamp to cycle.  

To check for a thumper, always thump the lamp after it has started.  If the arc goes out there is a problem and the lamp should not be left in place.  



Thermal Blink-Out
Large wattage lamps (1000W, 1500W)

Arc tube reservoir.

Shake, rattle and Roll!

Presenter
Presentation Notes
Thermal Blink-Out:

This is a problem with higher wattage lamps, say 1000W or 1500W HID lamps at the ball park.  These large lamps have a reservoir in the arc tube to contain extra metallic halides.  This extends the life of the lamp.  

If there is a shake, rattle or roll that causes the extra metal to splash out of the reservoir into the electrical arc it will cause thermal blink-out.  The only way to fix this problem is to prevent the violent motion.  Maybe tighten the hardware or brace the crossarm.  



Loose Connections:
 Loose wires cause 

voltage 
interruptions.

 Just like 
incandescent 
fixture check for 
loose connections.

Presenter
Presentation Notes
Loose Connections:

This is truly like trouble shooting an incandescent fixture.  

Take the starter out of the circuit.  Install the incandescent lamp and begin moving around wires to see if the light flashes off & on.  Loose connections can be found in the luminaire, in the mast arm, even in the pole or the overhead line.  



Won’t Come On!
 Sometimes the 

problem won’t be 
obvious.

 Bringing the fixture, 
lamp and control to 
the shop might 
help.

 Look at the system.
 Look at the 

package.

Presenter
Presentation Notes
Now, I’ve tried to make this stuff simple, but I know that sometimes it isn’t easy. I’ve seen professionals overlook the obvious – wrong lamp installed, lamp not fully seated, no photocontrol in place, etc.  

The problems may not be obvious.   Burned up ballasts stink so they should be easy to smell from several feet away.  But, broken windings in a ballast may not be easy to find.  

Remember, lighting is a system.  It involves the electricity, the distribution system, the lamp, the photocontrol and the light fixture.  If we keep this in mind when trouble shooting we should find the job becomes easier.  



Evaluating Luminaires 
& Lamps
 Testing  - Why test?

 Features.

 Ease of  installation.

 Performance.

 Ease of  maintenance.

 Warranty.

 Services.

Presenter
Presentation Notes
In evaluating lamps and fixtures you may want to avoid installing bad products throughout your system.  Often times our customers will distribute lamps and fixtures to all their trucks and work centers.  These get installed where needed before someone realizes there is a problem.  This is costly to correct.  

One step you may want to take is to sample test luminaires and lamps.  Out of a pallet of 42 security lights you may want to test four of them.  Out of 100 lamps you may want to test 10 of them.  It takes a few minutes, but may pay dividends by not introducing bad product into your system.  Fewer service calls will keep you leased lighting program profitable.  



Government regulations:
Energy Policy Act of 2005:
Fluorescent ballasts
Incandescent lamp improvements
Mercury Vapor ballasts – 1/1/08

Presenter
Presentation Notes
“We should be glad we’re not getting all the government we’re paying for.”  Will Rogers

“Folks are beginning to feel the same way when congress is in session as they do when the baby gets ahold of a hammer.”  Will Rogers

The largest energy savings project in history! - - and some believe it wasn’t enough!
The Energy Policy Act of 2005 had major impact on fluorescent ballasts and called for improvements in performance of incandescent lamps.
G E Lamps announced they were working on improvements to the incandescent lamp, but have since announced they discontinued that project.
The largest impact to roadway and security lighting came from outlawing mercury vapor ballasts effective 1/1/08.



Gov’t. Regulations - Continued
 Energy Independence & Security Act

 Improvements of 20% to 30% required

 65% reduction in energy consumed by lighting by 2012!

 150 – 500W Probe Start Metal Halide ballasts rendered 
obsolete on 1/1/09.  

Presenter
Presentation Notes
EISA passed in 2007 and had even more impact on roadway and security lighting.
Public Law 110-140 signed 12/19/07.
The overall movement is to reduce energy consumed by lighting by 65% between now and 2012.
So, we have two years to reduce energy consumption by more than 50%.
The real change was outlawing 150W thru 500W “probe start” metal halide ballasts the end of last year.
AEL is meeting new requirements through the use of more efficient lamps and electronic HID ballasts.  
There is a sheet in your binder that reviews all aspects of this legislation.  



Why?
 Incandescent Lamps operating characteristics
 95% of energy consumed produces no visible 

light.
 Short Lamp life results in excessive 

maintenance costs.
 Dramatic light loss over lamp life.

Presenter
Presentation Notes
Incandescent lamps were invented a few years after the War of Northern Aggression.
Of all the energy they consume, only 5% is used to produce visible light, the rest is wasted in heat and invisible light.  
Short life causes high maintenance.
Light lost over the life of the lamp causes designers to over light areas initially. 



Incandescent vs. CFL
 Incandescent

 20 LPW
 1,000 hours
 Low system cost
 Good color
 Good control
 Instant on
 Restart
 Filament failure
 Recycle

 Compact Fluorescent
 72 LPW
 6,000 to 15,000 hrs.
 3 to 10 times more
 Great color choices
 Good control
 87% then 3 minutes
 Restart good

 Contains mercury amalgam

Presenter
Presentation Notes
We’ll briefly review some of the operating characteristics of existing lamp technology and see where we’ve been, and where we’re headed.
Comparing incandescent to compact fluorescent lamps we can see the major advantage fluorescent has over incandescent lamps.
Almost four times as much light per unit of energy consumed, and much longer lamp life is available with CFL.
While the lamps and systems cost a great deal more, we get better life, more light, and more color choices.
Recycling old lamps is more challenging due to their mercury content, but the market is slowly addressing this.
CFL isn’t new.  It’s been out there for 20 years.  Initial introductions didn’t perform the way they were billed.



CFL vs. Mercury
 Compact Fluorescent

 72 LPW
 6,000 to 15,000 hrs.
 Low system cost
 Great color choices
 Good control
 87% then 3 minutes
 Restart good
 Contains mercury

 Mercury Vapor
 56 LPW
 24,000 hours
 Medium system cost
 Poor to good color
 Control
 10 minutes start
 10 minutes restart
 Contains mercury 

Presenter
Presentation Notes
We should also look at mercury vapor to see why they are no longer preferred.  
Mercury Vapor didn’t even perform up to CFL outputs.  



Metal Halide Types
 Probe Start (old)

 100 LPW
 20,000 hours
 Medium system cost
 Good color
 Poor control
 10 minutes ON
 15 minutes restart
 Non-passive failure
 Mercury content

 Pulse Start (new)
 117 LPW
 20k to 24k hours
 Slightly higher cost
 Excellent color
 Poor control
 10 minutes ON
 10 minutes restart
 Non-passive failure
 Mercury content

Presenter
Presentation Notes
Originated in 1960’s when probe start MH lamps were introduced.
Most 175W through 1,500 watt.
Point light source.
Pulse start metal halide has been out there for several years and doing fine.  It incorporates an ignitor or external starting aid, like HPS.  It produces more light and runs longer than probe start lamps.  
No shut off required on 24 X 7 operation with pulse start MH lamp.
Reduced UV output with pulse start MH lamps.




New Technologies
Solid State Light Sources
LED

Induction

Plasma

Presenter
Presentation Notes
New Technologies in lighting are appearing.  As efficient as HPS is, there maybe something better.  

Like anything new, they deserve cautious consideration.  Perhaps a testing program is in order.  

Anything that could potentially save energy, save money for maintenance, needs to be considered.

Understanding new systems is the first step in evaluation.  

We’ll look at some of the operating characteristics of these new systems.  

Hopefully we’ll find one you want to test to determine if it’s going to save your company money.  



Light Emitting Diode (LED)
 Latest lighting technology

 System life approaching 100,000 hours
 Improving lumen output
 Confusion in the market!
 Photometrics
 Recognized lighting standards

 Photopic  vs. Scotopic light levels
 “System Life” new term

 Prices

High Intensity Discharge Lighting Maintenance by Duff Greenwood, CBM

Presenter
Presentation Notes
“System Life” refers to the actual LED and drivers.
LED is improving all the time.  Seems like there are weekly advances announced.
Heat continues to be a problem.  Removing heat from the system is a major issue.
Light levels are in question.  While many manufacturers are touting one-for-one replacement with LED, light levels will be lower at this time.
Some manufacturers are using Scotopic lumens as a selling point, there are no recognized industry standards for this yet.
Industry is used to Photopic lumens.  Recognized authority refers to photopic lumens only.
100 to 150 watt installed base is the target market.  Some manufacturers offer LED replacements for up to 400 watt HPS luminaires.  



LED vs. HPS
 Light Emitting Diode

 115 LPW reported
 25k to 100k system 
 High initial cost
 Excellent color
 Excellent control
 Instant ON
 Instant restrike
 Reduced light output
 No mercury content

 High pressure sodium
 125 LPW
 24,000 hours
 Cost equal to MH
 Acceptable
 Poor control
 10 minutes ON
 10 minutes restrike
 Cycling
 Mercury content

Presenter
Presentation Notes
LED has been around since 1907 – over 100 years.
H. J. Round of Marconi Labs. First developed.
First practical visible-spectrum (red) LED developed in 1962 by Nick Holonyak of G E Company.  
High power LED (HPLED) are greater than one watt and have been reported by Philips Lumileds Lighting Co. to produce 115 lumens per watt output.  Cree issued a press release in November 2008 saying they produced 161 lumens per watt at room temperature.  
Caution – Roadway and security lights do not generally operate at room temperature, and with everything electrical and electronic, heat and voltage surges are destroyers!  



Other Solid-State Lighting
 Electrode-less lamp 
 Electromagnetic Fields
 Advantages:
 Extended lamp life
 high efficiency light-generating substances 
 Improved collection efficiency 

Presenter
Presentation Notes
Magnetic Induction lighting is another solid-state light source.

Uses no electrodes, but electromagnetic or radio fields to generate light.

Advantages include extended lamp life through elimination of electrodes.  Allows use of highly efficient light-generating substances that would corrode electrodes used in traditional lamps.  

Our challenge is to determine if these can survive in an outdoor environment.   



Induction Lighting
 Electromagnetic induction with no electrical 

connections inside the lamp or vessel.
 Electronic (solid-state) ballast or frequency 

generator
 Internal induction used today for lighting 

applications.
 Produces short-wave ultraviolet light
 Excite phosphors to produce visible light

Presenter
Presentation Notes
Induction Lighting:  
Another solid-state lighting system, this uses electromagnetic induction to provide visible light.
By eliminating electrical connections inside the lamp (or vessel), we can provide longer lamp life.  
This system produces short-waves to produce ultraviolet light to excite phosphors inside the vessel to produce visible light.  
The system includes the vessel and a solid state “frequency generator” that needs to be beefy enough to withstand surges normally found in outdoor lighting applications.  



Plasma Lighting
Uses radio frequency inside a vessel to 

excite plasma

Excited particles emit photons 

Expensive components

Presenter
Presentation Notes
Plasma Lighting: is a new solid state lighting system that uses radio frequency to excite different gasses into a plasma state.  Once excited, plasma emits photons, or visible light.
At this time, components for plasma lighting systems are expensive.  



DOE Municipal Consortium 
 Solid-State Street Lighting Consortium

 Shares technical information
 Shares experiences with new lighting products
 Evaluates new solid-state lighting products

 Membership
 Open to municipalities, utilities, and energy efficiency 

organizations
 http://www1.eere.energy.gov/buildings/ssl/cons

ortium.html

Presenter
Presentation Notes
Remember when Compact Fluorescent Lamps were introduced 20 years ago?  Many didn’t perform well at all.  Three years ago there were fewer than 100 manufacturers of solid state lights.  Now there are more than 500.  
Remember when HPS ignitors were first introduced?  We had a lot of problems putting a solid state device into a roadway lighting system.
I recommend caution when reviewing any roadway or area solid-state lighting system.  Pop-up manufacturers may not understand your expectations, may not have tested their products in outdoor environments.  
Established manufacturers won’t risk their reputation on products that may not work.  

http://www1.eere.energy.gov/buildings/ssl/consortium.html�
http://www1.eere.energy.gov/buildings/ssl/consortium.html�


QUESTIONS?
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